ABSTRACT: Asphalt mastic is a kind of composite which included fine aggregates, asphalt and filler. Its mechanical behavior has significant effect on asphalt mixture. Therefore, mechanical behavior of asphalt mastic was predicted using FEM method. Stress concentration and effective modulus were evaluated. Result indicates that factor of stress concentration decrease with mastic modulus. Scale of FEM model has significant influence on effective modulus of mastic. The predicted modulus tends to a stable value when scale ratio is greater than 5.
INTRODUCTION
Asphalt mixture is a multi-scale composite material consisting of aggregates, asphalt mastic and voids. The mastic binds coarse aggregate into a material which is capable to support vehicular traffic. In this application, the mastic generally contains 20% to 40% filler by volume. Mechanical properties of the mastic have been known to strongly influence the properties of asphalt concrete since at least the 1930s (Underwood et al. 2014) . In general, the relation between constituent phase and the mastic was mainly based on the test result (Tan et al. 2013 ). On the basis of multi-scale approach, prediction of composite modulus has been used to select the source materials and enhance materials developed method (Pindera et al. 2009 ). Many successful applications on prediction of asphalt mastic had been conducted (Underwood et al. 2014; Abbas et al. 2005; Faheem et al. 2009; Yin et al. 2008) . This means the multi-scale method is a good method on mechanical property prediction. However, asphalt is a viscoelastic material. Stress level has significant effect on its nonlinear properties. There is a phenomenon of stress concentration in asphalt concrete due to existence of aggregate (Wang et al. 2011) . And so on, stress concentration also will generate in asphalt mastic. This phenomenon will result great viscoelastic deformation of asphalt. Previous study was mainly focus on the effective properties of asphalt mastic. Stress state in asphalt mastic is unknown because volume fraction of fine aggregate and the filler is different from asphalt mixture.
Based on above analysis, fine aggregate was assumed as sphere in this paper. 3D Micro mechanical model of asphalt mastic was established based on Monte Carlo theory. In order to reduce the computational cost, 2D sections which were randomly cut from 3D models were used to evaluate the stress state and effective modulus.
MATERIALS AND GRADATION
Asphalt binder is composed of asphalt and filler less than 0.15mm. Its elastic parameters can be solved by Mori-Tanaka method (Yin et al. 2008 ). Asphalt binder is defined as an isotropic material for finite element analysis. Aggregate is elastic material. Properties of aggregate and asphalt binder were shown in Table 1 . The selected gradation of asphalt mastic was AC-13 series, as shown in Table 2 . And the optimum asphalt content was 11.9%. 
MODEL DEVELOPMENT OF ASPHALT MASTIC
In order to improve the computational efficence, 2D micro model was used to FEM analysis. Flowchart of modeling process was shown in Fig.1 
RESULTS AND DISCUSSIONS
Young's modulus of asphalt mastic for different model was calculated. Results were shown in Fig. 4 . As shown in Fig.4 , effective modulus of asphalt mastic increases nonlinearly with asphalt modulus. The reinforced effect of aggregates and filler are more significant when asphalt modulus is low. This agree with the results of Guo et al.(2015a) . It can be concluded that reinforced effect of aggregate at high temperature is better than that of low temperature because asphalt is sensitive to the temperature. 2.00 3.00 4.00 5.00 6.00
Figure 5. Modulus ratio varied with model scale.
As shown in Fig. 5 , modulus ratios (Elmin/Eli) decrease with the increase of model length ratio (Lmodel/dmax). And modulus ratio is stable when model length ratio is greater than 4.0. Therefore, it can be found that the model scale considerably affects the predicted accuracy of effective modulus. The predicted modulus is higher than the stable value when model scale was less than 4.0. This is mainly caused by the random distribution of aggregate. Finally, the model length ratio 5.0 was suggested for the effective property prediction in order to obtain a stable and accurate value.
The stress concentration factor was defined as the ratio of maximum stress from 2D micro model and that from homogeneous model (Wang et al. 2011 ). 2D models with the side length 14mm were used to evaluate its stress concentration. According to the result of Guo et al. (2015b) , this model was loaded by a pressure of 0.7MPa, and then the elastic stress concentration factors were obtained. Results are shown in Table 3 . It can be seen from Fig. 6 that the stress concentration factor decreases with increasing of asphalt mastic modulus. It means that the stress concentration is serious when asphalt mastic has a low modulus. In other words, stress concentration is more serious at high temperature than that of low temperature. The local high stress will cause excessive viscoelastic deformation. Asphalt mastic in these areas will reach the plastic deformation stage earlier. Finally, local damage will generate. So, we can conclude that the high temperature destruction of asphalt pavement may be attributed to the stress concentration partly.
CONCLUSIONS
1. Effective elastic modulus of the asphalt mastic non-linear rises with asphalt modulus. Model scale influences the predicted modulus significantly. Model length ratio 5.0 is suggested in order to obtain an accurate predicted result.
2. Stress concentration factor decreases with asphalt modulus. Asphalt with high modulus will be beneficial to reduce the stress concentration.
